Herein we describe a synthesis of (6R,12R)-6,12-dimethylpentadecan-2-one (5), the female produced sex pheromone of banded cucumber beetle Diabrotica balteata Le Conte, from (R)-4-methyl-δ-valerolactone, a methyl-branched chiron.
Pheromones are species-specific biofunctional molecules that are used for communication between individuals within the same species, and thus are useful tools for pest control. Among various pheromones, those with one or more chiral methyl-branched units [1] -such as compounds 1-5, Figure 1 -attract us most, for we have developed several methyl chirons from industrial waste and been interested in applying them to the syntheses of natural products [2] . Herein we report a synthesis of (6R,12R)-6,12dimethylpentadecan-2-one (5) from (R)-4-methyl-δ-valerolactone (6) . Ketone 5 is the female produced sex pheromone of banded cucumber beetle (BCB) Diabrotica balteata Le Conte, the larvae of which are serious pests of a variety of agricultural crops such as curbits and sweet potatoes. The structure of 5 was elucidated by spectroscopic analyses and confirmed by synthesis [3] . The stereochemistry was provided by Mori's synthesis of all the four possible isomers and further affirmed by two other stereoselective syntheses [4] .
Our synthetic plan is depicted in Scheme 1. Both lactone 6 and 1,3-dithiane 7 were to be used twice. The former was to form the C5-C9 and C11-C15 units in 5, and the latter to act as linking point for fragments 6 and diethyl (2-oxopropyl)phosphonate (8). Scheme 1: Synthetic plan for (6R,12R)-6,12-dimethylpentadecan-2-one (5) .
As shown in Scheme 2, our synthesis commenced with opening the lactone ring of 6. Treatment of 6 with NaOH and BnBr in refluxing toluene successfully delivered acid 9 in 68% yield on a 0.2 mol scale. After reducing the acid with LiAlH 4 , removal of the exposed hydroxyl group in resultant 10 was investigated and found to be low-yielding due to the low boiling point of the product (ca 142ºC). Therefore we decided to postpone this step to a later stage of the synthesis. Compound 10 was first protected as the MOM ether, then the benzyl group was removed by catalytic hydrogenation and the newly exposed OH was converted to iodide, giving 13 in 72% overall yield. In another direction, 10 was directly converted to iodide 11, which was then treated with litho dithiane to afford 14 in high yield.
With 13 and 14 in hand, we first tried to couple them directly by preparing the anion of 14 and then reacting with 13, but found this reaction to be low-yielding and irreproducible. Therefore, dithiane 14 was unmasked (NaHCO 3 , MeI, MeCN, water) [5] and the resultant aldehyde 15 was coupled with the lithio derivative of 13 [6] to give 16 in high yield as a mixture of epimers. The unneeded hydroxyl group on 16 was removed by transforming to mesylate and reducing it with LiAlH 4 [7] , affording 17 in nearly quantitative yield.
Then the benzyl ether of 17 was cleaved and the exposed hydroxyl group was transformed to iodide and coupled with 1,3-dithiane anion again to deliver 18 in 80% overall yield. The unneeded hydroxyl group at the right side was again removed in good yield via cleaving the MOM ether with HCl, preparing the corresponding mesylate of 19, and reducing it with LiAlH 4 . The dithiane moiety was unmasked to give aldehyde 20 in high yield and then underwent Horner-Wadsworth-Emmons olefination with 8 to give enone 21, which was subjected to catalytic hydrogenation to deliver 5 in 79% yield. The spectroscopic properties of the synthetic 5 are consistent with those reported ([α] D 24 : −0.395 (c 0.41, CHCl 3 ); reported in reference 4d: [α] D 23 : −0.40 (c 0.40, CHCl 3 )).
Scheme 3: Completion of the synthesis of (6R,12R)-6,12-dimethylpentadecan-2one (5) In conclusion, we have achieved a synthesis of (6R,12R)-6,12dimethylpentadecan-2-one (5), the female produced sex pheromone of BCB Diabrotica balteata Le Conte, in 17 steps with an overall yield of 20% from (R)-4-methyl-δ-valerolactone (6) . Although the synthesis is relatively longer than previous ones, the reactions used herein are simpler and easier to handle.
Experimental
General: All reactions sensitive to air or moisture were performed in flame-dried round bottom flasks with rubber septum under a positive pressure of either argon or nitrogen atmosphere, unless otherwise noted. Air and moisture-sensitive liquids and solutions were transferred via syringe and stainless steel cannula. Reactions were monitored by thin-layer chromatography (TLC) carried out on silica gel plates using UV light as visualizing agent and an ethanolic solution of phosphomolybdic acid, and heat as developing agents. NMR spectra were recorded on a Bruker AMX-300 instrument and calibrated using TMS or residual undeuterated solvent as an internal reference [ 1 H NMR: TMS (0.00); 13 C NMR: CDCl 3 (77.16)]. The following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, br = broad.
(R)-5-(Benzyloxy)-4-methylpentanoic acid (9): To a solution of lactone 6 (23.0 g, 0.20 mol) in toluene (400 mL) were added NaOH (24 g, 0.60 mol) and BnBr (37.6 g, 0.22 mol). The flask was equipped with a Dean-Stark trap, heated to reflux for 20 h, cooled, added water (200 mL), and acidified with HCl aqueous solution.
The mixture was separated and the aqueous layer was extracted with diethylether (150 mL×2). The combined organic layers were washed with brine, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Purification via flash column chromatography on silica gel (PE/EA: 3/1) afforded acid 10 (30.4 g, 68%) as a colorless liquid.
[α] D 27 : +1.68 (c 1.26, CHCl 3 ). IR (KBr): 3033, 2962, 1708, 1496, 1454, 1276, 1100, 938, 738 
(R)-5-(Benzyloxy)-4-methylpentan-1-ol (10):
To a suspension of LiAlH 4 (1.23 g, 32 mmol) in dry diethylether (50 mL) was added dropwise a solution of acid 9 (6.0 g, 27 mmol) in diethylether (20 mL) at 0ºC. The mixture was then stirred at room temperature and quenched with Na 2 SO 4 •10H 2 O after which TLC showed complete consumption of 9. The mixture was filtered and washed with diethylether. The filtrate was concentrated and purified via flash column chromatography on silica gel (PE/EA: 5/1) to give 10 (5.09 g, 91%) as a colorless liquid.
[α] D 28 : +2.03 (c 1.26, CHCl 3 ). IR (KBr): 2934, 2864, 1497, 1454, 1364, 1099, 1073, 1029, 736, , 74.96; H, 9.68. Found C, 74.92; H, 9. 73.
(2R)-1-Benzyloxy-5-iodo-2-methylpentane (11):
To a solution of PPh 3 (393 mg, 1.5 mmol) and imidazole (204 mg, 3.0 mmol) in dry CH 2 Cl 2 (15 mL) was added I 2 (381 mg, 1.5 mmol) at 0ºC. The mixture was stirred for 30 min before a solution of 10 (104 mg, 0.50 mmol) in CH 2 Cl 2 (2 mL) was added. The mixture was stirred at ambient temperature and quenched with water after TLC showed complete consumption of 10. The mixture was diluted with CH 2 Cl 2 (50 mL), washed with a saturated solution of Na 2 S 2 O 3 (20 mL) and brine (20 mL) sequentially, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 80/1) afforded 11 (154 mg, 97%) as a colorless liquid.
[α] D 28 : +4.55 (c 1.03, CHCl 3 ). IR (KBr): 3064, 3030, 2957, 2854, 1496, 1454, 1363, 1222, 1179, 1099, 1029, 843, 736, 697, 611, 415 52, 128.24, 127.43, 127.39, 75.44, 72.90, 34.57, 32.69, 31.09, 17.05, 7 .21 HRMS-EI: m/z [M + ] calcd for C 13 H 19 OI: 318.0481; found: 318.0480.
(2R)-1-Benzyloxy-5-methoxymethoxy-2-methylpentane (12):
To a solution of 10 (15.0 g, 72 mmol) in dry CH 2 Cl 2 (150 mL) were added iPr 2 NEt (23.9 mL, 144 mmol) and MOMCl (11.3 mL, 144
Preparation of (6R,12R)-6,12-dimethylpentadecan-2-one Natural Product Communications Vol. 10 (12) 2015 2157 mmol) at 0ºC. The mixture was stirred at ambient temperature and quenched with water after TLC showed that 10 was completely consumed. The mixture was diluted with CH 2 Cl 2 , separated, washed with brine, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 30/1) afforded 12 (18.8 g, quantitative) as a colorless liquid.
[α] D 24 : +0.24 (c 0.80, CHCl 3 ). IR (KBr): 2932, 2876, 1497, 1454, 1207, 1152, 1110, 1048, 919, 737, 698, 415, 410, 402 71, 128.24, 127.35, 96.33, 75.63, 72.91, 68.01, 65.80, 55.01, 33.30, 30.10, 27.15, 17. (R)-5-(Methoxymethoxy)-2-methylpentan-1-ol: A reaction flask containing 12 (18.6 g, 74 mmol), Pd/C (5%, 3.0 g), and MeOH (150 mL) was evacuated and back-filled with hydrogen (1 atm). The reaction mixture was stirred at ambient temperature under hydrogen for 3 days and then filtered over a plug of silica gel topped with Celite (MeOH eluent). The filtrate was concentrated and purified by flash column chromatography on silica gel (PE/EA: 10/1) to give the title compound (11.3 g, quantitative) as a colorless liquid.
[α] D 24 : +10.5 (c 1.04, CHCl 3 ). IR (KBr): 2935, 2878, 1466, 1386, 1216, 1153, 1111, 1046, 920, 414, 402 
(R)-1-Iodo-5-(methoxymethoxy)-2-methylpentane (13):
To a solution of PPh 3 (19.65 g, 75 mmol) and imidazole (10.2 g, 75 mmol) in dry CH 2 Cl 2 (100 mL) was added I 2 (19.1 g, 75 mmol) at 0ºC. The mixture was stirred for 20 min before a solution of (R)-5-(methoxymethoxy)-2-methylpentan-1-ol (4.0 g, 24 mmol) in CH 2 Cl 2 (15 mL) was added. The mixture was stirred at ambient temperature and quenched with water after TLC showed complete consumption of the starting material. The mixture was diluted with CH 2 Cl 2 (150 mL), washed with a saturated solution of Na 2 S 2 O 3 (100 mL) and brine sequentially, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 20/1) afforded 13 (4.9 g, 72%) as a colorless liquid.
[α] D 24 : +0.18 (c 1.82, CHCl 3 ). IR (KBr): 2931, 2882, 1458, 1379, 1196, 1145, 1111, 1044, 919, 415, 409, 402 39, 67.64, 55.14, 36.18, 34.55, 27.13, 20.49, 17. (7) (151 mg, 1.26 mmol) in anhydrous THF (8 mL) at 0ºC under argon was added a solution of n-BuLi (1.5 M in pentane, 0.86 mL, 1.38 mmol). The mixture was stirred for 30 min and added to a solution of 11 (200 mg, 0.63 mmol) in THF (3.0 mL) and warmed to room temperature. After 11 was fully consumed, the reaction was quenched with water, extracted with EtOAc (30 mL × 3), the extracts combined, washed with brine, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 50/1) afforded 14 (184 mg, 94%) as a colorless liquid.
[α] D 24 : +0.89 (c 0.92, CHCl 3 ). IR (KBr): 3030, 2934, 2901, 2856, 1496, 1454, 1423, 1363, 1276, 1180, 1100, 1028, 909, 845, 737, 698, 414 60, 128.17, 127.37, 127.27, 75.60, 72.80, 47.44, 35.54, 33.15, 32.99, 30.33, 25.89, 23.87, 16.90 3035, 2856, 2721, 1725, 1496, 1455, 1363, 1100, 1029, 738, 698, 463, 451, 415 60, 138.61, 128.26, 127.46, 127.40, 75.52, 72.96, 44.06, 33.31, 33.10, 19.47, 16. 
(2R,8R)-1-(Benzyloxy)-11-(methoxymethoxy)-2,8-dimethylundecan-6-ol (16):
Under argon, to a solution of 13 (2.48 g, 9.10 mmol) in dry diethylether/pentane (20 mL/30 mL) was added a solution of t-BuLi (1.5 M in pentane, 12.7 mL, 19.1 mmol) at −78ºC. The mixture was stirred at −78ºC for 5 min and then at room temperature for 1 h. At −78ºC, to the resultant solution was added a solution of 15 (800 mg, 3.64 mmol) in diethylether/pentane (8 mL/12 mL). The mixture was stirred at room temperature and quenched with water after 15 was consumed completely. The mixture was separated and the aqueous layer was extracted with diethylether (60 mL × 3). The combined organic layers were washed with brine, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 5/1) gave 16 (1.27 g, 95%) as an inseparable mixture of epimers. IR (KBr): 3031, 2930, 2873, 1497, 1455, 1213, 1153, 1111, 1045, 919, 736, 698, 434, 416, 403 74, 128.26, 127.49, 127.38, 96.37, 75.84, 72.92, 69.43, 55.12, 45.14, 38.61, 35.55, 35.41, 29.59, 28.42, 27.02, 22.91, 19.20, 17.05, 16.53 2158 Natural Product Communications Vol. 10 (12) 2015 Shen et al.
(2R,8R)-1-(Benzyloxy)-11-(methoxymethoxy)-2,8-dimethylundecan-6-yl methanesulfonate:
To a solution of 16 (290 mg, 0.79 mmol) in dry CH 2 Cl 2 (5 mL) were added MsCl (0.10 mL, 1.2 mmol) and Et 3 N (0.17 mL, 1.2 mmol) at 0ºC. Then the mixture was stirred at room temperature for 3 h and diluted with CH 2 Cl 2 (50 mL). The solution was washed with water and brine sequentially, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 20/1) afforded the title compound (355 mg, inseparable mixture of epimers, 100%) as a colorless liquid.
[α] D 24 : +1.68 (c 1.26, CHCl 3 ). IR (KBr): 3031, 2935, 2872, 1497, 1455, 1356, 1336, 1175, 1110, 1030, 971, 906, 792, 739, 699, 610, 528, 415, 409 67, 128.27, 127.48, 127.41, 96.36, 82.42, 82.35, 75.41, 72.96, 67.89, 67.86, 65.48, 65.28, 55.14, 55.08, 41.82, 41.72, 38.72, 35.55, 34.90, 33.69, 33.39, 33.31, 33.05, 29.28, 28.92, 27.00, 26.95, 22.22, 19.69, 19.24, 17. 
(2R,8S)-1-Benzyloxy-11-methoxymethoxy-2,8-dimethylundecane (17):
To a suspension of LiAlH 4 (600 mg, 1.58 mmol) in dry diethylether (10 mL) was added dropwise a solution of the above prepared mesylate (350 mg, 0.79 mmol) in diethylether (5 mL) at 0ºC. The mixture was then stirred at room temperature for 12 h and quenched with Na 2 SO 4 •10H 2 O after TLC showed complete consumption of 9. The mixture was filtered and washed with diethylether. The filtrate was concentrated and purified via flash column chromatography on silica gel (with hexane) to give 17 (285 mg, 100%) as a colorless oil.
[α] D 24 : −1.20 (c 0.82, CHCl 3 ). IR (KBr): 3032, 2957, 2928, 2856, 1497, 1455, 1378, 1261, 1208, 1111, 1047, 920, 801, 736, 697, 417, 404 84, 128.27, 127.48, 127.36, 96.38, 76.02, 72.93, 68.25, 55.07, 36.96, 33.66, 33.45, 33.39, 32.62, 30.25, 27.29, 27.01, 26.96, 19.59, 17.15 MS (EI, 70 
(2R,8S)-11-(Methoxymethoxy)-2,8-dimethylundecan-1-ol:
A reaction flask containing 17 (2.30 g, 6.57 mmol), Pd/C (10%, 300 mg), and MeOH (30 mL) was evacuated and back-filled with hydrogen (1 atm). The reaction mixture was stirred at ambient temperature under hydrogen for 24 h and then filtered over a plug of silica gel topped with Celite (MeOH eluent). The filtrate was concentrated and purified by flash column chromatography on silica gel (PE/EA: 5/1) to give the title compound (1.67 g, 98%) as a colorless liquid.
[α] D 28 : +6.54 (c 0.99, CHCl 3 ). IR (KBr): 2928, 2857, 1465, 1379, 1214, 1153, 1112, 1046, 921, 418. 410 (2R,8S)-1-Iodo-11-(methoxymethoxy)-2,8-dimethylundecane: To a solution of PPh 3 (487 mg, 1.86 mmol) and imidazole (253 mg, 3.72 mmol) in dry CH 2 Cl 2 (10 mL) was added I 2 (473 mg, 1.86 mmol) at 0ºC. The mixture was stirred for 20 min before a solution of alcohol (160 mg, 0.62 mmol) in CH 2 Cl 2 (2 mL) was added. The mixture was stirred at ambient temperature and quenched with water after TLC showed complete consumption of the starting material. The mixture was diluted with CH 2 Cl 2 (40 mL), washed with a saturated solution of Na 2 S 2 O 3 (20 mL) and brine sequentially, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 20/1) afforded iodide (210 mg, 92%) as a colorless liquid.
[α] D 24 : −2.76 (c 0.77, CHCl 3 ). IR (KBr): 2928, 2855, 1460, 1378, 1195, 1153, 1112, 1046, 920, 417, 404 37, 68.22, 66.04, 55.06, 36.88, 36.42, 34.71, 33.37, 32.58, 29.94, 27.28, 26.82, 20.59, 19.58, 17.95. MS (EI, 70 eV) : m/z (%) = 325 [M-MOM] + (100). ((2R,8S)-11-(Methoxymethoxy)-2,8-dimethylundecyl)-1,3dithiane (18) : To a solution of 1,3-dithiane 7 (2.27 g, 18.9 mmol) in anhydrous THF (40 mL) at 0ºC under argon was added a solution of n-BuLi (2.5 M in hexane, 7.56 mL, 18.9 mmol). The mixture was stirred for 30 min and added to a solution of previously prepared iodide (1.40 g, 3.78 mmol) in THF (10 mL) and warmed to room temperature. After the starting material was fully consumed, the reaction was quenched with water, extracted with EtOAc (30 mL × 3), combined, washed with brine, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 50/1) afforded 18 (1.22 g, 89%) as a pale yellow liquid.
2-
[α] D 24 : −6.49 (c 0.55, CHCl 3 ). IR (KBr): 2928 (KBr): , 2856 (KBr): , 1465 (KBr): , 1423 (KBr): , 1378 (KBr): , 1276 (KBr): , 1243 (KBr): , 1153 (KBr): , 1111 (KBr): , 1046 H NMR (300 MHz, CDCl 3 ): 4.63 (s, 2H), 4.08-4.13 (m, 1H), 3.51 (t, 2H, J = 6.9 Hz), 3.37 (s, 3H), 2.78-2.92 (m, 4H), 2.08-2.17 (m, 1H), 1.43-1.92 (m, 6H), 1.11-1.39 (m, 13H), 0.85-0.92 (m, 6H) . 13 C NMR (75 MHz, CDCl 3 ): 96.36, 68.24, 55.06, 45.57, 42.55, 36.93, 36.75, 33.37, 32.60, 30.57, 30.36, 30.13, 29.57, 27.28, 26.99, 26.75, 26.12, 19.58, 19.39 (4S,10R)-11-(1,3-Dithian-2-yl)-4,10-dimethylundecan-1-ol (19) : A solution of 18 (90 mg, 0.25 mmol) in acidified MeOH (5 mL, two drops of HCl) was heated at reflux for 5 h and concentrated under reduced pressure. The residue was purified by flash column chromatography on silica gel (PE/EA: 10/1) to give 19 (70 mg, 88%) as a colorless liquid.
[α] D 24 : −9.59 (c 0.45, CHCl 3 ). IR (KBr): 2927 (KBr): , 2855 (KBr): , 1461 (KBr): , 1423 (KBr): , 1378 (KBr): , 1276 (KBr): , 1057 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): 4.05-4.10 (m, 1H), 3.60 (t, 2H, J = 6.6 Hz), 2.74-2.88 (m, 4H), 2.07-2.13 (m, 1H), 1.07-1.83 (m, 20H), 0.80-0.92 (m, 6H). 13 C NMR (75 MHz, CDCl 3 ): 63.37, 45.55, 42.51, 36.88, 36.72, 32.87, 32.55, 30.56, 30.34, 30.30, 30.07, 29.52, 26.93, 26.85, 26.71, 26.10, 19.60, 19.38 .
Preparation of (6R,12R) (4S,10R)-11-(1,3-Dithian-2-yl)-4,10-dimethylundecyl methanesulfonate: To a solution of 19 (770 mg, 2.42 mmol) in dry CH 2 Cl 2 (30 mL) were added MsCl (0.28 mL, 3.63 mmol) and Et 3 N (0.50 mL, 3.63 mmol) at 0ºC. Then the mixture was stirred at room temperature for 5 h and diluted with CH 2 Cl 2 (40 mL). The solution was washed with water and brine sequentially, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 10/1) afforded the title compound (910 mg, 95%) as a colorless liquid.
[α] D 24 : −5.81 (c 0.43, CHCl 3 ). IR (KBr): 2928 (KBr): , 2854 (KBr): , 1465 (KBr): , 1423 (KBr): , 1356 (KBr): , 1276 (KBr): , 1176 50, 45.54, 42.52, 37.34, 36.72, 35.93, 32.50, 32.32, 30.57, 30.35, 30.03, 29.93, 29.53, 29.31, 26.90, 26.72, 26.11, 19.43, 19.38, 19.24 2-((2R,8R)-2,8-Dimethylundecyl)-1,3 -dithiane: To a suspension of LiAlH 4 (239 mg, 6.3 mmol) in dry diethylether (30 mL) was added, dropwise, a solution of mesylate (830 mg, 2.1 mmol) in diethylether (10 mL) at 0ºC. The mixture was then stirred at room temperature and quenched with Na 2 SO 4 •10H 2 O after TLC showed complete consumption of 9. The mixture was filtered and washed with diethylether. The filtrate was concentrated and purified via flash column chromatography on silica gel (with hexane) to give the title compound (592 mg, 94%) as a colorless oil.
[α] D 24 : −9.10 (c 0.63, CHCl 3 ). IR (KBr): 2956, 2927, 2855, 1465, 1423, 1378, 1275, 1243, 1185, 909, 418 59, 42.58, 39.39, 37.04, 36.78, 32.46, 30.59, 30.39, 30.18, 29.60, 27.03, 26.78, 26.15, 20.12, 19.66, 19.41, 14.40 2985, 2928, 2857, 2711, 1729, 1464, 1379, 1261, 1018, 804, 471, 430 , 413 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): 9.75 (t, 1H, J = 2.1 Hz), 2.17-2.44 (m, 2H), 2.03-2.07 (m, 1H), 1.02-1.38 (m, 15H), 0.95 (d, 3H, J = 6.6 Hz), 0.82-0.89 (m, 6H). 13 C NMR (75 MHz, CDCl 3 ): 203.14, 51.09, 39.40, 37.03, 36.94, 32.46, 30.07, 28.20, 27.00, 20.13, 19.99, 19.65, 14.40. MS (EI, 70 (6R,12R,E)-6,12-Dimethylpentadec-3-en-2-one (21): To a suspension of NaH (60%, 9.0 mg, 0.22 mmol) in anhydrous THF (2 mL) was added a solution of phosphonate 8 (42 mg, 0.22 mmol) in THF (1 mL) at 0ºC. The mixture was stirred for 10 min and added to a solution of aldehyde 20 (30 mg, 0.14 mmol) in THF (1 mL). The solution was stirred at room temperature for 6 h, quenched with water, extracted with EtOAc (20 mL × 3), combined, washed with brine, dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. Flash column chromatography on silica gel (PE/EA: 30/1) afforded enone 21 (32 mg, 90%) as a colorless oil.
[α] D 24 : −3.41 (c 0.42, CHCl 3 ). IR (KBr): 2958, 2928, 2872, 2856, 1701, 1678, 1629, 1465, 1379, 1361, 1252, 1180, 980, 616 , 543 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): 6.74-6.82 (m, 1H), 6.05 (d, 1H, J = 15.9 Hz), 1.98-2.23 (m, 5H), 1.03-1.35 (m, 16H), 0.80-0.89 (m, 9H). 13 C NMR (75 MHz, CDCl 3 ): 198. 61, 147.52, 132.39, 39.98, 39.41, 37.05, 36.73, 32.64, 32.48, 30.17, 27.06, 26.89, 20.14, 19.66, 14.41 (6R,12R)-6,12-Dimethylpentadecan-2-one (5): A reaction flask containing 21 (30 mg, 0.13 mmol), Pd/C (10%, 30 mg), and MeOH (5 mL) was evacuated and back-filled with H 2 (1 atm). The reaction mixture was stirred at ambient temperature under hydrogen for 2 days and then filtered over a plug of silica gel topped with Celite (MeOH eluent). The filtrate was concentrated and purified by flash column chromatography on silica gel (PE/EA: 100/1) to give 5 (24 mg, 79%) as a colorless liquid.
[α] D 24 : −0.395 (c 0.41, CHCl 3 ). IR (KBr): 2957, 2928, 2856, 1720, 1464, 1409, 1378, 1362, 1164, 726, 435 , 419 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): 2.38 (t, 2H, J = 7.8 Hz), 2.12 (s, 3H), 1.43-1.62 (m, 2H), 1.01-1.40 (m, 18H), 0.80-0.89 (m, 9H). 13 C NMR (75 MHz, CDCl 3 ): 209. 36, 44.14, 39.41, 37.08, 36.90, 36.64, 36.51, 32.65, 32.47, 30.33, 29.84, 29.48, 27.09, 27.06, 21.43, 20.13, 19.67, 19.54, 19.22, 14.40. MS (EI, 70 eV) : m/z (%) = 254 [M + ] (100).
